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FOREWORD 

This Indian Standard (First Revision) was adopted by the Bureau of Indian Standards, after the draft 
finalized by the Power Line Carrier Systems and Associated Telecontrol Equipment Sectional Committee 
had been approved by the Electronics and Telecommunication Division Council. 

This Indian Standard was originally published in 1978 and this revision has been undertaken to take into 
account the latest international practices in this field. In this revision, this standard is largely aligned with 
IEC Publication 353-1989 (Second Edition) Line Traps for AC Power Systems. 

Annex A of this standard provides explanatory note for amplifying the contents of this standard and to 
facilitate its use. This Annex A is not to be considered as part of the specification. 

Annex B provides some assistance in drawing up specification of such line traps associated with ac/dc 
converter stations and this annex is only of an advisory nature and does not form part of this standard. 

For the purpose of deciding whether a particular req uirement of this standard is complied with the final 
value, observed or calculated, expressing the result of a test or analysis, shall be rounded off in accordance 
with IS 2 : 1960 'Rules for rounding off numerical values {revised)*. The number of significant places 
retained in the rounded off value should be the same as that of the specified value in this standard. 
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Indian Standard 

LINE TRAPS FOR AC POWER SYSTEMS 

SPECIFICATION 



( First Revision ) 



1 SCOPE 



1.1 This standard applies to line traps inserted into 
high voltage ac transmission lines to prevent undue 
loss of carrier signal power, typically in the range 
30 kHz to 500 kHz, under all power system condi- 
tions and to minimize interference from carrier 
signalling systems on adjacent transmission lines. 

1.1.1 This standard does not apply to: 

a) inductors which are connected to high 
voltage transmission lines for other pur- 
poses, and 

b) line traps associated with ac/dc converter 
stations. 

2 REFERENCES 

2.1 The Indian Standards given below are neces- 
sary adjuncts to this standard: 

IS No, Title 

731 : 1971 Porcelain insulators for overhead 

power lines with a nominal voltage 
greater than 1 000 V 

1271 : 1985 Thermal evaluation and classifica- 
tion of electrical insulation (first 
revision) 

1885 (series) Electrotechnical vocabulary 
2165(Part 1) : Insulation coordination : Part 1 
1977 Phase-to-earth insulation coor- 

dination 
3070 (Part 1) : Specification for lightning arres- 
1985 tors for alternating current sys- 

tems : Part 1 Non-linear resistor 
type lightning arrestor (second 
revision) 

8793 : 1995 Line traps for AC power systems — 
Methods of tests (first revision) 

9921 (Part 3) : Alternating current disconnectors 
1982 (isolators) and earthing switches 

for voltages above 1 000 V : Part 3 
.Design and construction 

10601 : 1983 Dimensions for terminals of high 
voltage switchgear and controlgear 



3 SYMBOLS 

NOTE — Please note that the symbols used only in the 
annexes are not included. 

a — temperature coefficient 

At — tapping loss 

A t R — tapping loss based on blocking 

resistance 
C r — self capacitance 

A/i, A/2 — bandwidth based on blocking 

impedance 

A/ir, A2R — bandwidth based on blocking 

resistance 
/c — centre frequency 

/cr — centre frequency based oil 

blocking resistance 
/ P N — rated power frequency 

/n — continuous rated current 

/km — asymmetrical peak value of first 

half cycle of short-circuit cur- 
rents 

/kN — steady state component of short- 

circuit currents 

Lp — power frequency inductance of 

main coil 

L t *— true inductance of main coil 

L t N — rated inductance of main coil 

Rb — blocking resistance 

U — voltage developed across the 

line trap at rated power frequen- 
cy by rated short-time current 

U m — maximum system voltage 

Zb — blocking impedance 

4 TERMINOLOGY 

4.0 For the purpose of this standard, the following 
definitions shall apply. 

4.1 Line Trap 

A line trap, consisting of a main coil in the form of 
an inductor, a tuning device and a protective device, 
is intended for insertion in a high voltage power 
transmission line between the point of connection 



IS 8792 : 1995 



of carrier-frequency signals and adjacent power 
system elements such as busbars, transformers, etc. 
The tuning device connected across the main coil 
ensures, with proper adjustment, that the line trap 
presents a relatively high impedance at one or more 
carrier frequencies or carrier-frequency bands, 
whereas the impedance of the line trap at power 
frequencies is negligible. A line trap may also be 
used to limit the loss of carrier-frequency at a power 
system tee point. 

Untuned line traps are sometimes used where there 
is a requirement for a wideband coupling. However, 
attention is drawn in 4*5 to the possiblity of series 
resonance occurring under certain power system 
conditions, leading to an unacceptable shunting 
effect of the carrier-frequency signal path. 

Figures 1A and IB show the circuit diagrams of 
typical line traps. 

4.2 Main Coil 

An inductor which carries the power-frequency 
current of the high voltage transmission line. 

4.2.1 Apparent Inductance 

The reactance of the main coil divided by the an- 
gular frequency at which the reactance was deter- 
mined, uncompensated for the effect of self- 
capacitance. 

4.2.2 Power-Frequency Inductance 
The inductance L p at power-frequency. 

4.2.3 True Inductance 

The self-inductance L t of the main coil at a 
specified frequency compensated for the effect of 
self-capacitance. 

4.2.4 Rated Inductance 

The value of true inductance L t N at 100 kHz. 

4.2.5 Self-Capacitance 

The capacitance C r which, together with the true 
inductance, causes the main coil to resonate at 
self-resonant frequency. The self-capacitance is a 
function of the design of the main coil. 

4.2.6 Self-Resonant Frequency 

The frequency at which the combination of true 
inductance and self-capacitance becomes resonant. 

4.2.7 Resistance of Main Coil 

The value of resistance at dc current. 

4.2.8 Temperature Coefficient 

The ratio a of the change in resistivity due to a 
change in temperature of 1°C relative to the resis- 
tivity at 0°C 



4.2.9 Rated Power Frequency 

The frequency / p n of the high voltage power trans- 
mission system to which the line trap is connected. 

4.3 Tuning Device 

The combination of capacitors, inductors and resis- 
tors connected across the main coil. All of these 
components may not be present at any one time, 
depending on the carrier-frequency requirements 
of the line trap. 

4.4 Protective Device 

The device connected 'across the main coil and 
tuning device which prevents the line trap from 
being damaged by transient overvoltages which tnay 
occur across it. Additional protective devices may 
be fitted to protect individual components of the 
tuning device. 

4.5 Carrier-Frequency Characteristics 

Power system elements such as transformers, bus- 
bars, lines, etc, represent and impedance connected 
beyond the line trap between line and earth. This 
impedance, in series with the impedance of the line 
trap, may shunt the carrier-frequency signal path. 
The loss in signal power resulting from this shunt 
depends upon the vectorial sum of the two im- 
pedances. 

In the most unfavourable case, the reactive com- 
ponents of the two impedances may neutralise each 
other thus reducing the total shunt impedance to 
an unacceptably low value. 

In order to eliminate this possibility and the further 
possibility of varying shunting effects arising out of 
power system switching, the blocking impedance of 
the line trap should always include a resistive com- 
ponent. The line trap performance can therefore be 
assessed in terms of its resistive component only. 

4.5.1 Blocking Impedance 

The complex impedance Zb of the complete line 
trap within a specified carrier-frequency range. 

4.5.2 Blocking Resistance 

The resistive component Rb of the blocking im- 
pedance. 

4.5.3 Tapping Loss 

The losSv4 t sustained by a carrier-frequency signal 
due to the finite blocking ability of the line trap. It 
is defined in terms of the ratio of the signal voltages 
across an impedance equal to the characteristic 
impedance of the transmission line with and 
without the shunt connection of the line trap and is 
expressed in decibels. 
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4.5.4 Tapping Loss Based on Blocking Resistance 5 SERVICE CONDITIONS 



The loss^4tR, expressed in decibels, sustained by a 
carrier-frequency signal due to the shunt connec- 
tion of the resistive component of the line trap 

impedance. 

4.5.5 Bandwidth Based on Blocking Impedance 

The carrier-frequency bandwidth A/i or A/2 within 
which the module of the blocking impedance does 
not fall below a specified value or the tapping loss 
At does not exceed a specified value (see Fig. 2 A 
and 2 B). 

4.5.6 Bandwidth Based on Blocking Resistance 

The bandwidth A/ir and A/2R based on the resistive 
component expressed in terms of the blocking 
resistance (see Fig. 2 A and 2 B). 

4.5.7 Centre Frequency 

The geometric mean frequency f c of the bandwidth 
limit frequencies. 

4.5.8 Centre Frequency Based on Blocking Resis- 
tance 

The geometric mean frequency/ C R derived from the 
bandwidth limit frequencies based on blocking 
resistance. For band-tuned line traps f c is 
equivalent to/ C R. 

4.5.9 Q Factor 

The ratio of reactance to resistive component of the 
main coil at a specified frequency. 

4.6 Currents 

4.6.1 Continuous Rated Current 

The maximum rms value of the current h flowing 
continuously through the main coil at specified 
power frequency which does not cause the specified 
temperature rise limits to be exceeded. 

4.6.2 Rated Short-Time Current 

The rms value of the steady state component of the 
short-circuit current JkN flowing through the main 
coil for a specified time without causing thermal or 
mechanical damage. The asymmetrical peak value 
/km of the first half-cycle of the short-circuit current 
shall be assumed to be 2.55 times the rms value. 

4.6.3 Emergency Overload Current 

The amount of current which the main coil can 
sustain for a specified period without suffering per- 
manent damage or a significant reduction in useful 
life. 



5.1 Standard Conditions 

The standard conditions shall be those for outdoor 
service. A line trap shall be capable of carrying out 
its required function whether exposed to sunshine, 
rain, fog, frost, snow, ice, etc. Cases arising from 
severe atmospheric conditions such as salt spray, 
industrial pollution, etc, shall be covered by special 
agreement between manufacturer and purchaser. 

5.2 Altitude 

A line trap shall not be used at an altitude grfeater 
than 1 000 m above sea-level without special agree- 
ment with the manufacturer and measure being 
taken to ensure its suitability. 

5.3 Ambient Temperature 

Unless otherwise agreed between manufacturer 
and purchaser, a line trap shall not be used beyond 
an air temperature range of -10 °C to +50°C. 

NOTE — If the line traps are likely to be subjected to 
temperature below - 10°C in the unenergised state, this shall 
be specified at the time of placing the order. 

5.4 Power Frequency 

This standard applies only to power system fre- 
quencies between 15 Hz and 60 Hz inclusive. 

5.5 WaveShape 

For the purpose of this standard, power-frequency 
currents and voltages shall be considered to have 
wave shapes which are approximately sinusoidal. 

5.6 Unusual Service Conditions 

In the event that the requirements of 5.2 and 5.3 
cannot be met, reference should be made to 9 
and 11.3. 

6 RATINGS 

NOTE — Preferred values are underlined. 

6.1 Rated Inductance of Main Coil (mH) 
&2-0.25-&21S -0.4 -0.5 -1.0 -2.0 

6.2 Rated Continuous Current (A) 

100 - 200 - 400 - 630 - 800 - 1 000 - 1 250 - 1 600 - 
2000 -2500- 3 150 - 4000 

63 Rated Short-Time Current (kA rms) 

2.5 - 5 - 10 - 16 - 20 - 25 - 31.5 - 40 - 50 - 63 - 80 

6.4 Co-ordination of Rated Continuous Current 
and Rated Short-Time Current 

To achieve this co-ordination, two series of line 
traps are recommended in Table 1, Series 1: for 
normal requirements (for all values of inductance 
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mentioned in 6.1) and Series 2: for above normal 
requirements. 



Table 1 


Co-ordination of Currents 






(Clause 6.4) 




Rated Continuous 


Rated Short-Time Currents 


Current (A) 










Series 1 (kA) 


Series 2 (kA) 


100 




2.5 


5 


200 




5 


10 


400 




10 


16 


630 




16 


20 ■■ 


800 




20 


25 


1 000 




25' 


31.5 


I 250 




31.5 


40 


i 600 




40 


50 


2 000 




40 


50 


2 500 




40 


50 


3 150 




40 


50 


4 000 




63 


80 


NOTE- 


- Difficulties may exist in testing some of the larger 


line traps 


due to limitations in test facilities. 





7 GENERAL REQUIREMENTS 

7.1 Main Coil 

The. rated inductance of the main coil shall be 
chosen from the recommended values given in 6.1 
and shall not be less than 90 percent of the stated 

value. 

Where there is a requirement for interchan- 
geabilily, a suitable upper limit shall be agreed 
between manufacturer and purchaser. Otherwise, 
an upper limit does not require to be specified. 

NOTE — For calculations of blocking resistance or 
bandwidth based on blocking resistance, the lower tolerance 
should be used. 

7.1.1 Self-Resonant Frequency 

This frequency shall always be higher than 500 kHz 
except for line traps having a rated inductance 
greater than 0.5 mH where it may not be possible 
to achieve such a high frequency because of the 
physical construction of the main coil. 

7.1.2 Q Factor 

Where interchangeability is of prime importance, a 
Q factor of not less than 30 at 100 kHz must be 
assured. The physical construction of the main coil 
can have an influence on the Q factor. 

7.1.3 Current Ratings 

The continuous and short-time current ratings 
shall be in accordance with 6.2 and 6.3. 



7.2 Tuning Device 



V 



The tuning device shall be so arranged as to permit 
interchange without removing the line trap. It shall 



be so designed that neither significant alteration in 
the line trap blocking requirements nor physical 
damage shall result from either the temperature 
rise or the magnetic field of the main coil at con- 
tinuous rated current, rated short-time current or 
emergency overload current. 

7.3 Protective Device 

It is recommended that non-linear resistor type 
arresters for ac systems in accordance with IS 3070 
(Part 1 )' : 1 985 be used for insulation co-ordination 
and thai ihe nominal discharge current be equal to 
orgreaterihanihai ol the station arresters installed 
behind ihe line trap. In no case shall this current be 
taken as less than 5 kA. 

The protective device shall be so designed and ar- 
ranged that neither a significant alteration in its 
protective function nor physical damage shall 
result either from the temperature rise or the mag- 
netic field of the main coil at continuous rated 
current, rated short-time current or from emergen- 
cy overload current. It shall neither enter into 
operation as a result of the power-frequency volt- 
age developed across the line trap by the rated 
short-time current nor shall it remaii in operation 
after a response to a transient overvoltage which is 
immediately followed by the power-frequency volt- 
age developed across the line trap by the rated 
short-time current. 

8 BLOCKING REQUIREMENTS 

Specification of the blocking impedance and the 
tapping loss are for agreement between manufac- 
turer and purchaser. This standard does not give 
any detailed guidance on the permissible variation 
of these two quantities within the bandwidth of the 
line trap. 

Attention is, however, drawn to A-3 where the 
relationship between rated inductance, blocking 
resistance and bandwidth is discussed. 

For the purpose of stating the bandwidth, a maxi- 
mum loss of 2.6 dB is suggested for both tapping 
loss and tapping loss based on blocking resistance. 
This corresponds to a line trap blocking resistance, 
of 1.41 times the characteristic impedance of the 
transmission line. A typical case is that of a line trap 
of 570 Q blocking resistance connected to a trans- 
mission line of 400 Q characteristic impedance, this 
being a typical value of the phase/earth impedance 
of a single conductor transmission line. 

9 CONTINUOUS SERVICE REQUIREMENTS 

9.1 The temperature rise of any part of a line trap 
under rated continuous current conditions shall 
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not exceed the values given in Table 1 at altitudes 
below 1 000 m and the air temperature range given 
in 5.3. The temperature rise at the hot spot should 
be measured directly and the average temperature 
rise calculated from the increase in resistance of the 
main coil as described in 6.2 of IS 8793 : 1995. 

9.2 Since a line trap is usually not fully loaded 
during all its working life, the values given in Table 2 
are higher than those given in IS 1271 : 1985. 

Table 2 Limits of Temperature Rise 



Insulation Class 
and Reference 


Maximum Temperature Rise (°C) 


f 


^ 


Temperature 


Hot Spot 


Average Value 




Measured by 


Measured by 


(°C) 


Direct Methods 


Increase in 
Resistance 


105 (A) 


65 


55 


120(E) 


90 


75 


130(B) 


100 


80 


155 (F) 


125 


105 


180 (H) 


145 


130 


220 (C) 


190 


150 



NOTE — For certain insulating materials outside these 
classifications, temperature rises in excess of those given in 
Table 2 may be adopted by agreement between manufacturer 
and purchaser. 

9.3 If a line trap is intended for service where the 
air temperature is likely to exceed the upper limit 
of the range given in 5.3 by not more than 10°C, the 
allowable temperature rise shall be reduced by: 

— 5°C if the excess temperature is less than or 
equal to 5°C; * 

— 10°C if the excess temperature is greater 
than 5°C but less than 10°C 

No recommendations are given regarding the 
temperature rise where the air temperature exceeds 
the upper limit given in 5.3 by more than 10°C. 

For a line trap intended for use at altitudes greater 
than 1 000 m but tested at lower altitudes, the limits 
of temperature rise given in Table 2 must be 
reduced by 2.5% for each 500 m above 1 000 m. 

NOTE — Certain parts of a line trap may require, or be 
capable of having, individual temperature specifications 
depending on their positions relative to the main coil. For 
bare metallic parts or windings, the temperature rise shall not 
exceed the limits given for adjacent material. For the 
dimensions of the terminals, attention is drawn to 
IS 9921 (Part 3) : 1982 noting that the terminals of line traps 
operate at higher temperature due to eddy currents produced 
by the magnetic field of the main coil. 

10 ABILITY TO WITHSTAND RATED SHORT- 
TIME CURRENT 

10.1 Mechanical Strength 

The ability of a line trap to withstand the mechani- 
cal forces produced by the asymmetrical peak value 



/km of the short-time current shall be verified by 
carrying out the tests specified in 6.5 (a) of 
IS 8793 : 1995. 

10.2 Thermal Behaviour 

The ability of a line trap to withstand the heating 
effect of the rated short-time current /kN shall be 
verified by carrying out the tests specified in 
6.5(b) of IS 8793: 1995. 

11 INSULATION LEVEL 

11.1 Insulation Across a Line Trap 

The insulation level for the insulation between the 
terminals of a line trap is governed by the rated 
voltage of the protective device. The insulation of 
the main coil and the tuning device shall be ade- 
quately rated for: 

a) the voltage U developed across the line 
trap at rated power frequency by the rated 
short-time current. This voltage /7shall be: 

U = 2/r . / p n - L p . 7rn 
where 

/pN = rated power frequency, 
L P — power frequency inductance of the 
main coil measured in accordance with 
6.7 of IS 8793: 1995, and 
/kN — rated short-time current. 

The rated voltage of the protective device 
shall be higher than U. 

b) the front of wave impulse sparkover volt- 
age or the residual voltage caused by the 
nominal discharge current of the protec- 
tive device, whichever is higher. 

11.2 System Voltage Insulation 

The system voltage insulation of a line trap is 
provided by insulator strings or post insulators. For 
these IS 731 : 1971 applies. The line trap system 
voltage insulation shall be consistent with the other 
equipment in the associated high voltage transmis- 
sion network. 

11.3 Line Traps for Use at High Altitudes 

In the case of line traps intended for use at altitudes 
between 1 000 m and 3 000 m, but tested at altitudes 
below 1 000 m, the test voltage for those insulations 
which are formed by air distances shall be increased 
in accordance with IS 2165 (Part 1) ; 1977. 

12 RADIO INFLUENCE VOLTAGE (RIV) 

12.1 Radio influence voltage may be generated by 
corona on the line trap. It is therefore recom- 
mended that the corona inception voltage be at 
least 15 percent higher than the phase to earth 
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voltage (U m /V3") of the transmission network to 
which the line trap is connected. The maximum 
system voltages U m given in Table 3 are in accord- 
ance with IS 2165 (Part 1) : 1977. The test voltages 
(1.15.LWV3 in three-phase supply networks) relat- 
ing to each power system voltage, are also given in 
Table 3. The maximum radio influence voltage is a 
matter for agreement between manufacturer and 
purchaser. 

Table 3 Relationship Between Maximum Power 
System Voltage and Radio Influence Test Voltage 



Maximum Power 
System VolUige 

Um 


Radio Influence 
Test Voltage 

1.15. (U m /V5) (rnis) 


a) 


kV 


kV 


b) 
c) 
d) 
e) 

g) 
h) 


52 
72.5 


35 
48 


123 


83 


145 


97 


170 
245 


113 
163 


300 


199 




362 


242 


J) 


420 

525 


280 
349 


16.3 


765 


508 


a) 



13 POWER LOSSES 

13.1 Power losses occur in the main coil due to the 
passage of power-frequency current and the 
presence of eddy currents. The magnitude of these 
losses is a function of the design of the line trap and 
the material used in the windings. 

If the purchaser requires the losses to be deter- 
mined, this should be done by agreement with the 
manufacturer who should thereafter declare them. 
It is pointed out that a requirement for low power 
losses can influence the carrier-frequency perfor- 
mance of the line trap. 

14 TENSILE STRENGTH OF SUSPENSION 
SYSTEM 

14.1 The suspension system of a line trap shall be 
designed for a tensile stress of at least twice the 
mass of the line trap in kilograms, multiplied by 
9.81 to convert to newtons, plus 5 000 N. 

15 ACCESSORIES 

15.1 Bird Barriers 

The provision of bird barriers is optional. If 
provided, no entrance to the line trap shall admit a 
sphere having a diameter of 16 mm. 



15.2 Terminals 

The position and type of terminals used is a matter 
for agreement between manufacturer and pur- 
chaser. Attention is, however, drawn to IS 10601 : 
1983 for details of recommended dimensions. 

16 MARKING 

16.1 The main coil, the tuning device and the 
protective device shall be provided with rating 
plates of weatherproof material fitted so that they 
are readily visible. The inscriptions shall be indelib- 
ly marked and include the following data. 

16.2 Rating Plate of the Main Coil 

Manufacturer's name and year of 
manufacture; 
Type; 

Serial number; 
Rated inductance (mH); 
Power-frequency inductance (mH); 
Rated continuous current (A); 
Rated power frequency (Hz); 
Rated short-time current (kA) and dura- 
tion^); and 
Total weight (kg). 

16.3 Rating Plate of Tuning Device 

Manufacturer's name and year of 
manufacture; 

b) Type; 

c) Serial number; 

d) Frequency band(s) (kHz); 

e) Blocking impedance (minimum value) 

f) Blocking resistance (minimum value) (Q); 

g) Rated impulse protective level (kV); and 
h) Belonging to main coil with rated induc- 
tance (mH) and serial number (optional). 

16.4 If additional information is required, this is a 
matter for agreement between manufacturer and 
purchaser. 

16.5 Rating plate information for protective 
device 

This should be in accordance with IS 3070 
(Part 1) : 1985. 

16.6 BIS Certification Marking 

Standard Mark maybe provided on the rating plate. 

16.6.1 The use of the Standard Mark is governed 
by the provisions of Bureau of Indian Standards Act, 
1986 and the Rules and Regulations made there- 
under. Details of conditions under which a licence 
for the use of the Standard Mark may be granted to 
manufacturers or producers may be obtained from 
the Bureau of Indian Standards. 
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ANNEX A 

( Foreword ) 

EXPLANATORY NOTES 



A-0 GENERAL 

Additional information is given in this annexure to 
amplify the one already given in the standard and 
to facilitate its use. It is intended to be of an ex- 
planatory nature only and is not to be considered 
part of the specification. 

A-l DEFINITION OF THE INDUCTANCE OF 
THE MAIN COIL 

In the previous edition of this standard IS 8792 : 
1978, the inductance of the main coil was defined 
as the inductance measured at power frequency or 
any frequency up to 1 000 Hz. Since this value is 
only of importance in defining the voltage 
developed across the line trap by the rated short- 
time current (11.1) and has no significance in deter- 
mining the performance of the line trap at carrier 
frequencies, it was decided in this edition to define 
the inductance of the main coil in terms of its 
inductance at 100 kHz and to call it "rated 
inductance". It is important to note that the recom- 
mended values given in 6.1 are now in terms of 
"rated inductance" and not "power-frequency 
inductance" as in the previous document. The term 
"power-frequency inductance" refers to the in- 
ductance of the main coil measured at power fre- 
quency. 

A-2 FREQUENCY DEPENDENCE OF THE 
TRUE INDUCTANCE OF THE MAIN COIL 

A-2.1 The total inductance of an air coil, of which 
a line trap is a particular example, consists of two 
parts: 

a) The outer (external) inductance resulting 
from the magnetic flux which surrounds the 
coil and links the windings. 

b) The internal inductance resulting from the 
magnetic flux inside the conductors. 

A-2.2 Because of current displacement effects 
(skin and proximity effects), the internal induc- 
tance diminishes as the applied frequency in- 
creases. In the case of a line trap, differences of up 
to 10 percent are possible between the power-fre- 
quency inductance and the rated inductance. An 
example of the frequency dependence of the true 
inductance is shown in Fig. 3. 

A-3 RELATIONSHIP BETWEEN RATED 
INDUCTANCE, BLOCKING RESISTANCE 
AND BANDWIDTH BASED ON BLOCKING 
RESISTANCE 

A-3.1 The following examples demonstrate the 
two most common forms of tuning circuits, but 



there are many different arrangements of tuning 
components which can be used for particular 
applications. 

A-3.2 The circuit of a single frequency-tuned line 
trap is shown in Fig. 1 A and that for a band-tuned 
line trap in Fig. IB. The corresponding blocking 
characteristics and definitions of bandwidth are 
shown in Fig. 2A and 2B. The following formulae, 
applicable to either of the two tuning methods, 
enable theoretical calculations of the bandwidth 
AAr and the limit frequencies /ir and /2R to be 
made. 

It is assumed that the centre frequency/ C R, the rated 
inductance LtN and the blocking resistance Rb have 
already been specified, including any tolerances. 

a) Bandwidth A/ir based on the blocking resis - 
tance: 

A/iR =/ c R . 2b =/2R-/lR (HZ) 

b) Lower band limit frequency /ir: 

/lR=/cR. (VT+V-b) (HZ) 

c) Upper band limit frequency/*2R: 

/*2R=/cR, (Vl+^ +Z>) (HZ) 

For a single frequency-tuned line trap: 

2R h 
For a band-tuned line trap: 



b = 



Rb 



It will be seen that a band-tuned line trap offers 
twice the bandwidth of a single frequency-tuned 
line trap. 

Other arrangements of higher order networks are 
available, for example, for double frequency-tuned 
line traps. 

A-4 EMERGENCY OVERLOAD CAPABILITY 

A-4.1 The rated continuous current can be ex- 
ceeded in accordance with Table 4 without damag- 
ing the line trap or shortening its useful life, on the 
assumption that the overload is applied after nor- 
mal operation at rated continuous current. 

A-4.2 Table 4 should be applied with great care and 
if it is the intention to subject a line trap to frequent 
overloads, the advice of the manufacturer should be 
sought. Table 5 shows the absolute maximum 
temperature for each class of insulation. 
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Table 4 Emergency Overload Current as a 
Percentage of Rated Continuous Current 

( Clauses A-4.1 and A-4.2 ) 



Table 5 Relationship Between Insulation Class 

and the Maximum Temperature to Which it Can 

Be Subjected 





Emergency Period 






Ambient Temperature 


Insulation Class and 


Maximum Temperature 


(°C) 


15 min 


30 min 


60 min 


Reference Temperature 




+50 


135 


125 


115 


(°C) 


(°C) 


+40 


140 


130 


120 


105 (A) 
120(E) 


150 

175 


20 


145 


135 


125 


130 (B) 


185 



-10 


150 

155 


140 . 
145 


130 
135 


155(F) 
180 (H) 
220 (C) 


210 
235 
260 



ANNEX B 

( Foreword ) 

LINE TRAPS ASSOCIATED WITH AC/DC CONVERTER STATIONS 



B-0 GENERAL 

B-0.1 The information given in this annexure is 
intended to inform rather than instruct and is not 
to be regarded as forming part of this standard 
which is entirely devoted to line traps used in ac 
power systems. 

B-0,2 It is evident from the relatively small amount 
of information currently available that the design 
of dc line traps is considerably more complex than 
the design of ac line traps. 

B-0.3 Consequently, to deal with them adequately, 
state-of-the-art filter design, transient system be- 
haviour, insulation co-ordination and system non- 
linearities which result in the production of 
harmonics, have to be taken into account. 

B-0.4 Further research and close monitoring of 
existing installations are required in order to for- 
mulate design guidelines and performance 
specifications, leading to the preparation of an 
Indian Standard. 

B-l INTRODUCTION 

B-l.l The process of converting ac power to dc 
power and vice versa is accompanied by two effects: 
The consumption of reactive power equal to more 
than half the actual power converted and the 
generation of harmonics in current and voltage. 

B-1.2 These two phenomena require the addition 
of filtering on both sides of the converter station to 
reduce the penetration of harmonics into each net- 
work. The layout of a typical converter station is 
shown in Fig 4. On the ac side, the impedance of the 
network, as seen from the converter, is not known 
accurately and harmonic currents flowing through 
the network impedance give rise to harmonic vol- 
tages. On the dc side, voltage harmonics generate 
current harmonics, the amplitude of which depends 



on the characteristics of the converter equipment 
and the impedance of the dc network. 

B-1.3 In general terms, a converter acts, from the 
ac network viewpoint, as a source of harmonic cur- 
rents (high internal impedance) and, from the dc 
network viewpoint, as a source of harmonic vol- 
tages (low internal impedance). 

If the converter is fed from a balanced three-phase 
source of voltage and if the delay angles are equi- 
distant, the characteristic harmonics are of an order 
determined by the pulse number/? of the converter 
being k.p ± 1 on the ac side and k.p on the dc side, 
where k is an integer. By using converters with a 
high pulse number, it is theoretically possible to 
eliminate the lower order harmonics of higher 
amplitude. 

B-2 GENERAL REQUIREMENTS AND 
CONDITIONS 

B-2.1 Service conditions and performance re- 
quirements of line traps associated with ac/dc con- 
verter stations differ significantly from those 
normally assoicated with conventional ac power 
systems. HVDC converters produce harmonics 
covering a wide band of frequencies ranging from 
power frequency to frequencies of the order of a 
megahertz or more. At the lower end of the spec- 
turm (power frequency to 50th harmonic), radiated 
signals can cause interference in adjacent telephone 
circuits and measures have to be taken at the source 
to reduce this interference to acceptable levels. 

Interference can also be produced in power line 
carrier installations in the range 20 kHz to 500 kHz 
which may necessitate a judicious choice of carrier 
frequencies. 

Interference in the radio and television bands is not 
usually a problem because of system attenuation. 
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Operating experience is limited at present and it is 
possible that undetected problems may arise in the 
future. 

B-3 CHARACTERISTICS OF LINE TRAPS 
USED IN DC POWER STATIONS 

B-3.1 The application of line traps to ac power 
systems and how they respond to such application 
is fully described elsewhere in this document. How- 
ever, the following considerations also have to be 
taken into account when line traps are used in dc 
power systems. 

B-3.I.1 Because of a different current distribution 
within the' main coil, a line trap designed for use on 
an ac system may have to be derated when used on 
a dc system. This applies mainly to multi-layer coils 
as distinct from single layer coils. 

B-3.1.2 The thermal and mechanical withstand re- 
quirements are not so onerous due to lower fault 

levels. 

B-3. 1 .3 The presence of harmonics has to be taken 
into account in evaluating temperature rises be- 
cause of the exaggerated skin effects produced by 
high frequency currents. 

B-3.1.4 Corona and RIV will be different and new 
guidelines have to be estabilished. 

K-4 USE OF LINE TRAPS IN AC/DC 
CONVERTER STATIONS 

B-4.I Line traps used in conjunction with a con- 
verter station may be installed on either the ac or 
dc side of the station or both. They may be used for 
blocking purposes or as part of radio interference 
(RI) filters to suppress the high frequency noise 
generated by the converters. In this latter capacity, 
they may also be required to perform the dual 
function of suppressing interference and, in con- 
junction with shunt capacitors in a jr-configuration, 
of providing a means of injecting and receiving 
carrier frequency signals into and from the as- 
sociated power system. 

B-5 RI FILTER APPLICATION 

B-5 I The configuration of a typical RI filter is that 
of a jr-network with a line trap forming the series 
arm with capacitors on each side acting as the legs 
of the it. To achieve maximum effect, it is usual for 
the filter to be connected as near the converter as 
possible. 

Since the line trap cannot be considered in isolation 
in such a situation, its requirements are likely to be 
more stringent than in conventional applications. 
It may, for example, have to exhibit a high resistive 
component over a bandwidth of a megahertz or 
more which, in turn, would necessitate a higher 
rated inductance than usual and large values of 
capacitance and resistance in the tuning device. It 



is likely therefore that the combination of the line 
trap and associated capacitors used in this way will 
impose special demands on the carrier-frequency 
performance of the line trap. 

B-6 INSULATION CO-ORDINATION 

B-6.1 AC Side 

The insulation co-ordination of a conventional line 
trap as used in ac systems is described eslewhere in 
this document. The short-time current can be of the 
order of 30 times the rated continuous ac current. 
The ratings of the protective device are calculated 
accordingly in relation to the maximum voltage 
drop across the main coil. 

However, where there is a v possibility of resonances 
occurring when used as part of an RI filter because 
of the presence of high frequency currents, it is 
necessary for such resonances and/or currents to be 
taken into account for insulation co-ordination 
purposes. 

B-6.2 DC Side 

Service conditions here are considerably different 
from those which apply on the ac side. For example, 
the short-time current is in the order of 2 to 5 times 
the continuous rated current. 
This obviously has an effect on the thermal and 
mechanical requirements of the line trap. Also, the 
presence of harmonics has to be taken into account 
in calculating the voltage drop which occurs across 
the line trap under such conditions. 
Generally speaking, the resistive voltage drop 
during short-time current conditions does not rep- 
resent a critical operating condition. The maximum 
voltage drop is determined mainly by the rate of 
change of current with the time, that is, d//d/, which, 
in turn, is dependent on the presence of smoothing 
reactors and on system parameters, including those 
of the converter station itself. To ensure proper 
insulation co-ordination, a "system-determined" 
di/dt approach is necessary. 
Such an approach requires an analysis of transient 
behaviour and a knowledge of the overvoltages 
which are likely to occur in order for the maximum 
overvoltage across the line trap terminals and the 
rating of the protective device and hence that of the 
tuning device, to be determined. 

B-7 CURRENT HARMONICS 

B-7.1 While current harmonics (odd on the ac side 
and even on the dc side) are usually significantly 
attenuated by specially designed filters, their effects 
may still be evident in the type of RI filter pre- 
viously described. 

For this reason, it is necessary to ensure that a careful 
analysis is made of the potential presence of har- 
monics when a line trap is to be used in this manner. 



IS 8792 : 1995 



Protective device 



Lin * Main coil 




Protective device 



L>n * Main coil 




Tuning device | " | Tuning device 

1 A Circuit diagram of a single frequency-tuned line trap 1 B Circuit diagram of a band-tuned line trap 

Fig. 1 Line Traps 



Single frequency tuned line trap 
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Single frequency tuned line trap 
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2A Definition of the bandwidth of a single frequency-tuned line trap 
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2B Definition of the bandwidth of a band-tuned line trap. 
Note — Af\R = Af2R but A/i * A/2. 

Fig. 2. Line Trap Band Width 
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Fig. 4 Typical Converter Station 



True inductance 
Power frequency inductance 
Rated inductance 
Power frequency 



NOTE — The difference between power frequency induc- 
tance and rated inductance depends on the design of the 
main coil. No tolerance is specified for power frequency 
inductance. 

Fig. 3 Frequency Dependence of the True 
Inductance of the Main Coil 
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